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CHAPTER I
INTRODUCTION
Administrative policies for natural areas of the National Park 
System present the following guidelines for natural area management 
(Anonymous, 1958):
The preservation of natural areas is a fundamental 
requirement for their continued use and enjoyment as 
unimpaired natural areas. Park management, therefore, 
looks first to the care and management of the natural 
resources of a park. The concept of preservation of a 
total environment, as compared with the protection of 
an individual feature or species, is a distinguishing 
feature of national park management.
. . . The presence or absence of natural fire with­
in a given habitat is recognized as one of the ecological 
factors contributing to the perpetuation of plants and 
animals native to that habitat.
. . . fires in vegetation resulting from natural 
causes are recognized as natural phenomena and may be 
allowed to run their course when such burning can be 
contained within predetermined fire management units 
and when such burning will contribute to the accomplish­
ment of approved vegetation and/or wildlife management 
objectives,
A 1970 study by Habeck (1970) describes the past and present fire 
needs of the North Fork of the Flathead River area along with the 
general history of the whole western half of Glacier National Park.
In it, he mentions the past dependency of several of the communities
on the occurrence, at least episodically if not periodically, of fire. 
One of these community types is the Pinus ponderosa community type which
can be found along the North Fork Road below 4,000 feet elevation in the
North Fork River Valley.
This community type in Glacier Park is unique in two ways.
First, in the park, P_. ponderosa is on the northeastern edge of its 
range in this region and thus is competing with species which are 
probably better adapted than ponderosa pine to the given set of 
environmental conditions prevalent in the area. These species are 
Pseudotsuga menziesii and Picea engelmanii x P_. glauca (Daubenmire,
1968).
Secondly, the fire incidence in the vicinity of these ponderosa 
pine stands is very episodic in nature. While fire is an important 
part of the overall ability of Pinus ponderosa to replace itself in 
any given area (Weaver, 1951), the incidence of fire below 4,000 feet 
in the North Fork Valley is limited and extremely sporadic in nature.
Thus, we have a fire dependent species that is exposed to a relatively 
small amount of fire in comparison to its "inland" range. It is also 
on the edge of its range, with a minimum of the essentials such as 
precipitation requirement and soil porosity.
The area under consideration is a natural area within a national 
park and is a unique community type within that natural area. Because 
of an apparent lack of rejuvenation of these stands along the road and 
the resulting succession to Picea engelmanii x P. glauca and Pseudotsuga 
menziesii, it may be important "for their (ponderosa pine stands) 
continued use and enjoyment as unimpaired natural areas" (Anonymous, 1968) 
that a prescribed burn be implemented.
In any situation where a man is interjecting management upon the
landscape, it is important that the necessary study be undertaken to 
make sure that his management does what is intended, as well as assuring 
himself that what he does will not also provide unwanted effects. Thus, 
in implementation of a prescribed fire policy or a "let-burn" policy, 
a knowledge of how a given fire will behave under given climatic condi­
tions must be obtained.
Much time has been spent on determination of weather patterns 
and its effect on the flammability of fuels of various types. The 
burning characteristics of small fuel beds under laboratory conditions 
are being studied (Philpot and Mutch, 1971). The next step in forming 
a fire behavior prediction is to adapt a method of rapidly sampling the 
fuel and its distribution in a given area. Combined with the burning 
characteristics of the fuel, the fuel distribution provides a good 
indication of the work a particular fire can accomplish under specific 
weather conditions.
This study is a description of the distribution of fuels within 
the Pinus ponderosa stands along the North Fork Road in Glacier National 
Park. It also is a general description of the vegetational composition 
in this community type. When a prescribed burn or a "let-burn" policy 
is adopted to maintain this community type as an unusual and pertinent 
part of the park vegetation, it is expected that this information will 
be beneficial in making the decisions that must be made to successfully 
complete the project.
CHAPTER II 
LITERATURE REVIEW
Ponderosa Pine Distribution
The natural range of Pinus ponderosa and P̂. ponderosa var. 
arizonica is the widest of all the pines in the northern hemisphere.
It extends from British Columbia south to Mexico and from Nebraska, 
Colorado, South Dakota, and west Texas on the east to the Pacific coast 
(Anonymous, 1948) (Figure 1).
P_. ponderosa has an elevational range from over 9,000 feet at 
Tacoma, Washington, and other locations in the Cascades on down to near 
sea level. The majority of good lumber producing stands generally occur 
between 4,000 and 8,000 feet on south to west facing slopes (Curtis and 
Lynch, 1957).
Climate
Within the range of P_. ponderosa, annual precipitation varies from 
10.2 to 21.48 inches. During the May through August growing season, the 
precipitation averages between 1.75 and 6.15 inches. Often, as is the 
case in the North Fork region, rain is almost totally lacking in the 
July to August period.
The ponderosa pine range has annual temperature extremes of -37-p, 
to 107 F̂. with an annual average temperature varying between 41.8"F- to 
49.8°F. The July to August fire season temperatures average between 
62°F. to 69.6^F. (Curtis and Lynch, 1957) (Tables VI and VII).
FIGURE 1
Distribution of Pinus ponderosa 
and P. ponderosa var. arizonica
(Little, 1971)
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This species grows on a wide range of soil types derived from 
a wide variety of parent material. However, its best development 
occurs on well-drained, deep sandy, gravel, and clay loams. Frequently 
absent on soils with impervious substratum, it often gives way by means 
of encroachment to patches of P̂. conforta (Curtis and Lynch 1957, Pearson 
1949).
Competition
Pinus ponderosa in Glacier Park is found in a predominately 
Pseudotsuga menziesii and Picea glauca x P_. engelmanii climax area 
(Daubenmire, 1968). Engelman spruce is generally found on the slopes 
above the North Fork River flood plane while white spruce is found on 
the flood plane. Where these populations have met, hybridization has 
occurred (Habeck and Weaver, 1969) . There are probably few P_. engelmanii 
without any P̂. glauca characters and vice-versa for P_. glauca, but the 
degree of hybridization decreases with distance from the shared boundaries 
of these two populations. Since the study sites are on slopes above the 
flood plane the spruce in this study will be considered P̂, engelmanii 
(Harvey, 1972).
The life cycle of P. ponderosa is typical of many of the pines .
It flowers from April to June and cones ripen within the August to 
September period after a 26 month development period. Seed dispersal 
occurs over the winter months. Good seed crops generally are produced 
every two to five years. The trees reach minimum seed-bearing age at 
20 years, optimum production at 150 years, and they continue to pro-
duce from then until death of the tree (Anonymous, 1948) .
Ponderosa pine is not very tolerant of competition when it is 
becoming established on a new site. It is also an extravagant user 
of water during this period of establishment. In order to become 
successfully established, it must have enough water long enough in the 
growing season to allow the taproot to penetrate the duff layer and 
enter mineral soil. The amount of water needed decreases with a de­
crease in duff depth. There should also be openings that supply both 
overhead and some side light, and a small amount of shading from mar­
ginal trees for water conservation (Curtis and Lynch 1957, Tarrant 1953)
Initi seedling establishment takes a period from 100 to 150 
days, after which they are capable of withstanding instantaneous 
temperatures of 135°F. to 180°F. (Roeser, 1932). Young pine trees 
develop a good cork layer, enabling them to withstand higher tempera­
tures over increasing periods of time. This protects the young trees 
from intense ground and shrub fires (Weaver, 1951).
The most widely accepted means of preparing a good seed bed is 
fire. Fire disturbance scarifies the soil, eliminates competition, 
and provides the needed light for seedlings to become established. 
Surface fires can do this work leading to the production of characteris­
tically even-aged stands of pure ponderosa pine or pine savannahs 
(Cooper, 1961).
Pinus ponderosa is a xeric species relative to Picea engelmanii
and Pseudotsuga menziesii and is thus most often found on south and 
west facing slopes. In such stands Pinus ponderosa is considered the 
climax dominant.
Away from the more xeric sites, ponderosa pine mixes with more 
mesic species, playing a serai or perhaps a co-dominant species role. 
Curtis and Lynch (1957) classify three of these forest types as follows,
1. Ponderosa pine--larch— Douglas fir
2. Ponderosa pine— sugar pine--fir
3. Pacific ponderosa pine— Douglas fir
The first type is the one that is dominant in western Montana and is 
found in the North Fork Valley in Glacier Park.
Effects of Fire
There are two causes of forest fires in the Pacific Northwest—  
man and lightning. Man causes a small number of fires annually, but 
this number has a high degree of constancy.
Lightning, on the other hand, ignites a large number of fires 
annually, but this number has a high degree of variation between years 
due to fluctuation in weather patterns between different years (Barrows 
1951, Komarek 1957).
As a silvicultural tool in forest development or management, pre­
scribed fire is often the best and cheapest means of gaining specific 
goals. Even in a pristine forest, a fire can be depended upon to cull 
over-mature and insect-infested or diseased trees, to thin a stand to a 
density most beneficial for the development of remaining trees, and often
to expose a mineral seed bed for germination and propagation of fire 
dependent species such as ponderosa pine (Taylor, 1969),
The effect of fire on the ecosystem is variable according to the 
prevailing temperature and moisture, the type of fuel and its arrange­
ment, vegetation, and the wind speed and direction. These factors effect 
the intensity and duration, and therefore the overall effect of, fire.
Fires have caused some soil erosion due to damage of protective 
vegetation and litter cover on very steep slopes. They have also alter­
ed texture and structure of the soil by causing increased particle 
cohesion. However, these damages are limited to the most extreme temp­
erature conditions and severe burns due to discontinuity of fuels which 
limit the intensity of fires in vegetation and the high insulation 
properties of soil (Wellner 1970, Knight 1965, Lutz, 1956, Betremieux
1960).
Chemical changes due to fire also differ with fire intensity and 
site. Often pH is increased and the nitrogen content of soil decreased 
after a fire. The rate at which nitrogen is replaced varies, but there 
is generally a consistent movement back to prefire conditions. An 
increase in potassium, calcium, magnesium, and nitrates occurs almost 
immediately after a fire, probably due to the rapid decomposition of 
organic matter. However, nutrient recycling seems to be a minimal 
benefit of fire to a tree life cycle (Lutz 1956, Knight 1965, Behan 1970, 
Bray and Gorham 1964).
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Litter and duff removal by fire is a direct function of the amount 
of atmospheric and fuel moisture. With the variation of microclimates 
within an area and the accompanying variation in fuel moisture, litter 
and duff removal by fire becomes difficult to predict accurately. In 
ponderosa pine stands in California, Biswell (1957) found that duff and 
litter were never completely removed during controlled burns.
In jack pine (Pinus banksiana) forests in Minnesota (Ahlgren and 
Ahlgren, 1965) and in Douglas fir forests in Idaho (Wright and Bollen,
1961) fire had an immediate detrimental effect on the number of micro­
organisms in the soil. Although the rates of recovery of the micro­
organism population varied from two or three weeks to over a year, de­
pending on the site of the fire, what seems to be consistent is that the 
extent of the changes of microorganisms occurring in each site type was 
dependent on the intensity of the fire, the precipitation after the fire, 
and to a certain extent, the type of organism under consideration.
Animals and birds are effected by the stages of plant succession 
brought about by fire. Prescribed burning in Idaho of elk browse in­
creased the germination of browse species and decreased existing browse 
height (Leege, 1968). In Alaska, the moose population benefited from 
prescribed burning by increasing subclimax vegetation, the moose's food 
source (Lutz, 1956).
Fire seems to have the most detrimental effect on the survival of 
fur-bearing animals and bird populations when the fire occurs during the 
nesting season. This can be especially harmful to the populations of
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rare birds or endangered species. It is fortunate that natural fires 
are very rare during the spring and early summer in the north and 
northwest (Ahlgren and Ahlgren 1960, Lutz 1956).
Wellner (1970) and Vogl (1970) have described the role of fire as 
a disruptive force of succession with serai species favored over climax. 
Vogl refers to a vegetation pattern that has evolved with recurrent fire 
as a fire climax community that has as much validity as the traditional 
climatic climax. This validity is based on a polyclimax theory in which 
microclimates and environment (including fire) becomes a major factor 
in species composition at an end point in succession.
Wellner (1970), in describing the influence of fire on the 
development of different vegetation types in the northern Rocky 
Mountains, states that sites subjected to single burns seem to re­
forest themselves fairly rapidly. However, since one fire does not 
consume 100 percent of the available fuel, and often creates even 
more downed fuel, one fire breeds another. These reburns act as 
a preventative to rapid reforestation. With an increase in fire 
protection in the northern Rocky Mountains, multiple fires have 
decreased and an increase in forest cover has resulted.
Finally, with either episodic or periodic fire in the ecosystem, 
vegetational community composition patterns develop. Two community 
patterns that result in ponderosa pine stands due to the fire are the 
mosaic pattern of even-aged groups about 1/5 acre in size, and stands
12
with variable stand density due to chance factors in early stand develop­
ment (Cooper, 1961).
Fuels and Fire Characteristics
The fuels that occur in a northern coniferous forest come from 
three plant sources: trees, shrubs, and grass-forbs. These sources
contribute a wide variety of fuels for potential fires. The fuel 
particles from trees include needles, staminate and ovulate cones, 
branches of various sizes, bark flakes, stumps, and trunks. These 
components can serve as fuel sources in two ways— both as standing 
live material and as dead horizontal fuel piled on the ground (Biswell, 
et al., 1966).
Shrubs contribute leaves and branches to the fuel complex. Even 
when dead, the branch wood is largely of a vertical nature while the 
leaf component contributes to the litter layer. Both live and dead 
material contribute to the fuel complex.
Generally, the grass-forb unit of the fuel complex is composed 
of dry or dead material of the annuals and perennials during the late 
summer-early fall burning season (Daubenmire, 1959). This component 
contributes to the litter layer in direct proportion to its density 
in the understory. Brown (1970) broke the cheatgrass (Bromus tectorum) 
unit into several fuels such as awns, peduncles, leaves and stalks. How­
ever, these units, with the exception of the awns, often remain as a 
single unit enven when deposited in the litter layer and can be con­
sidered, then, as a single fuel unit.
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Fuels can be broken down into several size classes. Mechanical 
weathering and a chemical and/or fungal decomposition break the larger 
particles down to smaller particles. These are incorporated into a 
litter layer first. These are the particles which are recognizable 
as to origin. Further decomposition incorporates the litter layer into 
a duff layer which consists of organic matter which is no longer 
recognizable as to source.
The four parts, trees, shrubs, grass-forbs, and litter and duff 
all combine to form a fuel complex of vertically distributed dead and 
living material and a narrow horizontal stratum of mostly dead or dry 
material during the fire season. This complex has characteristics of 
its own which help determine the flammability of the fuel. The chemis­
try of the fuel constituents, the particle spacing of the constitutents 
within the complex, the moisture of the complex and the fuel moisture 
at a given time all combine to influence the flammability of the fuel 
and the rate of fuel energy release (Brown, 1970a),
The spatial distribution of fuels in logging slash differs 
somewhat from the distribution of fuels in an undisturbed area. Data 
collected in spruce-fir logging slash by Brown (1970b) show that 7 percent 
of the volume and surface area of the total slash were located below 
the mid-point of the slash depth. This creates a vertical gradient 
of dense to less dense from the ground to the top of the slash piles.
The horizontal composition of the fuel complex usually depends on the 
specific mechanical means of removing the timber and piling the slash.
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Natural fuels, in comparison to the predominately dead fuels of 
slash, are comprised of both living and dead material. The vertical 
distribution of windfalls may be similar to the logging slash piles, 
but more important is the continuity of fuel from the ground to the 
crowns of living trees. It is the presence or absence of this 
continuity which helps determine whether a particular fire has the 
ability to crown and kill these trees (Lawson, 1972).
The horizontal distribution of fuels seems to be directly 
related to the density of the tree stands or the density of the under­
story component. The more dense the stand, the larger the fuel load, 
the more fuel which is laid down in the horizontal position, and the 
more continuous is the ground fuel composition.
In order for fire to play any part in the development of an 
ecosystem conditions must exist that allow fire to ignite and burn. 
Atmospheric and fuel moisture content play a large role in the com­
bustibility of fuel. In loblolly pine (Pinus taeda) slash (Wade, 1969), 
fuel moisture was found to decrease to a certain percentage and stay 
at that level even when drying conditions remained at a maximum. A 
slash fire then consumed everything under 1/2 inch in diameter, which 
constituted 35 percent of the slash. In a prescribed burn in Neal Canyon, 
Idaho, Lyons (1966) conducted his burning with fuel moisture readings of 
5 to 6 percent. All dead logs under three inches in diameter and all 
live stems under two inches in diameter at the base were consumed.
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In litter and duff studies (Sweeney and Biswell, 1961) in 
prescribed burns the average litter lost was 75.87 percent of the 
total. The average duff lost was 22.94 percent. In all cases 
enough organic material was left to cover the soil. The area in 
which the greatest amount of duff and litter remained was that in which 
they were found at the greatest depth. The proportion that remained 
also went up drastically in those areas where the lower portions of 
the duff profile was still wet.
Whereas dead fuel seems to rely on the lack of moisture for 
combustibility, Philpot and Mutch (1971) found that in ponderosa pine 
needles and Douglas fir needles in the one to two year old age class, 
flammability is inversely proportional to the percentage of moisture 
content in the needles. Thus, at least in these two species, ether 
extractives (oils, waxes, fats, and terpenes), which are positively 
associated with heat of combustion, become the most important factor 
in determing flammability. "The energy increase in fuels during the 
fire season is due mainly to extractive accumulation or changes in 
extractive composition" (Philpot and Mutch, 1971).
As has been mentioned earlier (Lyons, 1966) Hough (1968) found 
that the amount of work that a fire can do, that is, the amount of 
energy that a fire can release, is dependent on both atmospheric and 
fuel moisture content. Wind (van Wagner 1964, Kill 1969) and fuel 
distribution (Lawson 1972, van Wagner 1964, Biswell et ad. 1968) , 
along with the chemistry of the fuels, play an important role in
16
energy release by fire. Because of these many parameters that effect 
the action of a fire, there is a wide range of fire effects on some­
what similar fuel situations.
Hough (1968), in a hazard reduction fire, in longleaf slash gave
the following results of his burn:
Stand Description Burn Results
Stand height. . 50 ft^ Total fuel reduction. 56%
Basal area. . . 53 ft Litter consumed . . . 49%
Litter weight . 4.5-16 T/A Vegetative fuel . . . 53%
Understory. . . 2.5-3.5 T/A
Cooper (1961), studying litter in a mature ponderosa pine forest
in controlled burn situation, found that of the 9610 pounds per acre of
litter on the sample site, all was consumed. Of 61,000 Ibs/A duff,
9300 Ibs/A were consumed. The relatively small amount of duff removed 
seems to be a common result on such burns due to the water holding
capacity of the duff layer.
Kill (1969) reports the following results in spruce-fir slash 
in Alberta:
0.5"
0.51-
2.0"
2.01-
4.0"
4.01+ Minor
veg.
F & H 
layers
Average depth (inches) 
Weight per acre (oven-
4.31
dry tons)
Weight per acre of fuels
9.4 4.5 4.4 27.1 0.2 62.0
consumed (oven-dry tons)1 9.4 3.7 2.6 7.0 0.2 Negligible
Fuels consumed (%) 100.0 84.0 58.0 26.0 100.0 “-
Moisture content (%) 14.0 30.0 33.0 65.0 223.0 163.0
Lawson (1972) gives a detailed account of fire intensity in
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relation to fuel consumed and fuel available in a controlled burn in 
lodgepole pine. One of the most interesting facets of his study and 
that of van Wagner (1964) in a red pine (Pinus resinosa) plantation 
is the detailing of some of the parameters involved in the crowning 
potential of a fire. Lawson gives a complete description of the 
standing fuel ladders, pathways for fire to ascend to the crowns of 
mature trees. Even if these ladders are present, wind can be the 
deciding factor in whether that fire will crown or not.
Flame length is the distance measured from the base of the flame 
at the ground to the tip of the flame. Flame height is the perpendi­
cular distance from the flame tip to the ground.
Van Wagner (1964) points out that while fire runs with the wind, 
the wind limits flame height while lengthening flame length. In his 
control fire the wind suddenly shifted, which pushed against the long 
flame, increasing the flame height and crowning occurred.
Van Wagner points out that when fire begins moving with the 
wind, the flame height decreases even as the flame length increases. 
Flame height in his study was only two feet running with the wind.
When the wind suddenly changed direction this long flame "stood up," 
increasing flame height to 30 feet which ignited the canopy immediately
CHAPTER III
HISTORY
The history of the white man in the Glacier National Park area 
starts around the beginning of the 1890's with some logging, mining 
and oil drilling, and homesteading activities. Before this time the 
area was used as a hunting ground for some Indian tribes.
In the early 1890's a man named Chisolm did some logging in the 
vicinity of Logging Creek and Sullivan's Meadows. He logged ponderosa 
pine almost exclusively at that particular time, piled the cut logs 
along a dry wash adjacent to the Flathead River and waited for the spring 
floods to carry the logs down stream to the mills. The floods never 
came and the rotting log piles can still be seen along the dry run 
(Bowers, unknown).
H. B. Ayres (1900), in 1898 and 1899, did a survey of the vegeta­
tion of the North Fork River Valley. In the space of one year he 
hiked through most of the area involved in this study and described the 
P. ponderosa stands in locations very much as they occur at present, 
except that he states that these were all very open and easily navigated 
on horseback.
Coal deposits were found near Quartz Creek and Quartz Lake and in 
1901 oil was discovered at Kintla Lake. The original North Fork Road 
was built in that year and was not much more than a horse trail wide
19
enough to pull a wagon over. Bridges across the streams were very 
crude affairs that had to be rebuilt practically every time a new ship­
ment was sent up the road.
These mining ventures proved to be not very profitable and were 
abandoned after a very short period of time. It was at this time that 
some homesteading started in the area. There were homesteads specifi­
cally in Sullivan's Meadows and along the trail between the mouth of 
Quartz Creek and Lower Quartz Lake, as well as in the Big Prairie area. 
The majority of the homesteaders had sold their land to the park by the 
1930's, although there are still a few privately owned tracts of land 
today.
The park itself was established in 1910, but it was not until 1915 
that the North Fork Road was rebuilt. At that time permanent bridges 
were put in and the road itself developed to its present condition 
(Buchholtz, 1969).
Fire History
Ayres (1900), in 1899, described the ponderosa pine as having many 
fire scars on the trunks, and the stands showing much evidence of recent 
fires. There seems to be some evidence of Indians setting fires in the 
area to increase game habitat and to aid in driving game during hunts.
In 1910, a fire originating at Kintla Lake spread up to the Canadian 
border, and another fire started by a careless camper at Bowman Lake, 
burned a total of 50,000 acres of land from the Canadian border south to
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Anaconda Creek. Many of these fires were located below the 4,000 feet 
elevation line.
In the area south of Logging Creek and extending to Anaconda Creek, 
the predominance of 50 year old lodgepole pine indicates at least a 
massive regeneration in that area around 1920. That this was due to fire 
is indicated by the fire history of the area compiled by Habeck (1970^ 
(Figure 2).
Another factor which points to fires in the 1920's is the wide age 
differential of P̂. ponderosa in the area. There is no age class between 
that of 180 years of age and 50 years of age. However, there is an 
abundance of 50 year old stock. Ponderosa pine, which is dependent on 
mineral soil and lack of competition to regenerate, needs fire to estab­
lish itself and this regeneration pattern indicates fires in the 1920 
decade. This is supported by fires occurring in 1920 north of Anaconda 
Creek (Anonymous, 1939).
As the fire map by Habeck (1970) indicates, the incidence of large 
fires occurs at a much higher rate above 4,000 foot elevation. The 
average number of fires per year in the North Fork River Valley north of 
Apgar Mountains is concentrated well above this elevation due to climatic 
features of the area which limit the lightning strikes below this line.
In general, then, the fire history does include some large fires 
and some spot fires which occurred in the study area during the life 
span of the ponderosa pine trees. It also indicates a higher incidence
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FIGURE 2
Fire History of Glacier Park 
North Fork Region 
(Habeck, 1971)
—  1910-19
—  1920-29
—  1960—69
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of fires prior to the time white men moved into the area than has 
occurred in the past 50 years. However, the general lightning pattern 
concentrates above the 4,000 foot isoline, limiting the amount of 
"natural" fires below this line and therefore limiting the number of 
fires occurring in the ponderosa stands.
CHAPTER IV
STUDY AREA
Geology and Climate
The North Fork of the Flathead River flows through a broad 
trough between the Livingston Range and the Whitefish Mountains in 
northwest Montana and forms the western boundary of Glacier National 
Park. It is fed by many streams which divide these ranges into a 
series of lateral stream valleys and ridges. The trough, continuous 
from Lake McDonald to the Canadian boundary, narrows drastictly when 
it reaches the Apgar Mountains in the southwest corner of the park, 
and has a similar geological history for its entire length.
The majority of the ponderosa pine is located in the region 
between Polebridge and Anaconda Creek. The area is made up of Tertiary 
sediments (usually clay) which have been covered over by Pleistocene 
(Wisconsin) glacial till and wash gravel. Typical of the area is the 
following profile taken about two miles upstream from the bridge over 
Anaconda Creek:
F. Till, grayish
E. Sand and sandy clay, pebbleless 
D. Gravel, reddish
C. Clay, pebble, reddish
B. Clay, massive, chocolate-red, greenish, and 
purplish streaked.
A. Gravel, course
The depth of these profiles range from about 100 feet to 150 feet in
thickness (Alden, 1953).
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Northwestern Montana weather is controlled by climatic factors 
similar to the remainder of the Pacific Northwest. The main circula­
tion pattern is from the west and northwest off the Pacific Ocean. The 
moisture laden air masses are forced over the Cascade mountains, where 
much of the precipitation is dropped on the windward slopes. This pro­
duces a rain-shadow effect on the leeward side of the mountains. As 
the air masses move further east, they are forced over other mountains 
such as the Whitefish Range on their way towards the Continental Divide.
The precipitation is seasonal with the majority coming in the form 
of snow in the winter months. Rain occurs in the months of April, May, 
and June, followed by a distinct dry period in July, August, and Septem­
ber.
The total moisture in the North Fork Valley increases along a north 
to south gradient. Local variation from this gradient is related to 
elevation, latitude, and specific position relative to variations in the 
Whitefish Range.
Koterba (1958) in referring to climatological data from Polebridge 
Ranger Station collected between 1953 and 1967, reported an average 
annual precipitation of 21.7 inches, a maximum in these years of 27-78 
inches in 1959, and a minimum of 15.12 inches in 1960. The average 
annual temperature was 40.4°F=, with a January maximum average of 
27,4°F. and minimum average of 10.8°F. The average July maximum was 
82.5°F. and the average minimum was 40.8°F.
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Description of Study Sites
In describing the soils in the area between Logging Creek and 
Anaconda Creek, Ayres (1900) states that "about 90% of the soil is 
porous. Probably half of the 90% is loam, while in the remaining 
45% gravel and sand predominate."
Martinka (1968) describes the distribution of ponderosa pine in 
the park as limited to southern exposures and ridges below 4,000 feet. 
The open stands of Pinus ponderosa are predominant. The common under- 
story plants are western serviceberry (Amelanchier alnifolia), snow- 
berry (Symphoricarpos albus), rose (Rosa spp.), and pine grass 
(Calamagrostis rubescens).
A P̂. ponderosa stand is located in a small grove just above 
Polebridge Ranger Station, on a bluff overlooking the river. From 
there north to Teepee Flats there is a gap in the occurrence of 
pine. On Teepee Flats, east of Big Prairie, the ponderosa pine has 
established itself and displays many older age classes, down to the 
50 year age class.
One P_. ponderosa deserves special recognition. It is the lone 
pine of Lone Pine Prairie. It is 832 years old, has been topped by 
lightning, has several fire scars, but still seems quite healthy and 
solid to the core. At present, however, it is being undermined by 
the stream which runs through the prairie and may not have too much 
longer to live.
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FIGURE 3
Distribution of Pinus ponderosa 
in Glacier Park
—  Non-study sites
—  Study sites
z' —  North Fork Road
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The specific study sites are located between Logging Creek and 
Anaconda Creek on the east side of the North Fork Road (Figure 3)%
Stands 1, 2, 3, and 4 are located along the road and stand 5 is located 
on the north side of Sullivan's Meadows about 1/4 mile off the road.
Stand 1 is a mature stand consisting of Pseudotsuga menziesii,
Larix occidentalis, Picea engelmanii, Pinus conforta, and some scatter­
ed Pinus ponderosa. There is a good gradation of age classes from 230 
year old trees to seedlings for all species except P̂. ponderosa. The 
ponderosa pine is represented by 180 and 230 year old trees only. The 
understory is predominately shrubs and forbs with some grasses and its 
composition is greatly influenced by a nearly complete canopy cover.
There are several downed Douglas fir and larch trees which occur 
sporadically throughout the stand.
Stand 2 is an open and mature stand of P̂. ponderosa surrounded by 
50 year old P. conforta. The ponderosa pine is either 180 or 230 years 
of age and has a low shrub-grass-forb understory for the most part.
There is a finger-like projection of P_. conforta, Picea engelmanii,
P̂. glauca, and Larix occidentalis, all of which are 50 years old or 
younger, which increases the overall stand density.
Stand 3 is an alternately open and closed stand of Pinus conforta 
with the openings containing mature P. ponderosa. Again, the P. conforta 
is 50 years old and the ponderosa pine is either 180 or 230 years old. 
There is, however, along the edge of the openings, some 50 year old P_. 
ponderosa. The understory of the openings consists of grasses, some
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forbs, and medium to tall shrubs.
Stand 4 is an extremely open stand of mature P_. ponderosa. The 
trees are either 180, 230 or 400+ years old. The stand is surrounded 
by 50 year old P. contorta. The only saplings are of spruce, Douglas 
fir, and some of larch, but these are not abundant. The shrubs are 
short to one meter in height and there is an abundance of grasses and 
forbs in the understory.
Stand 5, located on the north side of Sullivan's Meadows, grades 
from pine savannah to spruce and Douglas fir as one moves up the 
slope. The ponderosa pine is very dominant on the lower to middle por­
tions of the slope and are all 230 to 440+ years of age. There is 
very little sapling cover of any species, but that which is present is 
of spruce and Douglas fir. The understory of the stand grades from 
grassland to medium and tall shrubs. The shrub composition changes to 
dense thimbleberry (Rubus parviflora) higher on the slope. Just to 
the west of this stand the slopes have been selectively logged of the 
ponderosa pine, then burned.
CHAPTER V
METHODS AND PROCEDURES
Field Procedures
A cursory examination of the area was conducted and the areas 
in which Pinus ponderosa was a constituent were noted. In most cases 
these areas were sharply delineated by surrounding Pinus contorta 
communities, many of which are in a dense doghair condition.
Of the several areas in which P. ponderosa was found, five were 
chosen for intensive study on the basis of homogeneity of the overstory 
and the distinctness of the understory relative to the other ponderosa 
pine stands. This distinctness was judged on a physiognomic basis, with 
low shrubs, tall shrubs, and grass-forb percentages being estimated.
In each stand a series of plots were located and sampled along 
transects. These transects were run from the west to east in stand 1-4 
and south to north in stand 5. All transects, then, crossed the eleva- 
tional gradient found to a certain extent in each stand. The first 
transect was objectively located to insure that it was located entirely 
within the stand. Each subsequent transect was located parallel to the 
first and at a 20 yard distance from each other transect.
In stand 1-4 the plots for both the quadrat-quarter methods of 
sampling and those for fuel sampling were located at 20 yard intervals 
along the transect. In stand 5, because of the sparseness of the over­
story and the size of the stand, 40 yard intervals were established
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between plots along the transects. These transects were also located 
at 40 pace intervals from each other.
The community overstory composition was measured by the quarter 
method (Cox, 1967). This included both trees (individuals 3" DBH or 
greater) and saplings (l"-3" DBH). At each point, distance to the 
nearest tree and the tree diameter at breast height were recorded along 
with the height, to the nearest five feet (estimated), to the living 
crown. The quadrat method was utilized for the understory species in 
stands 1-4. The plot size for the quadrat method was 1000 cm^ (20 x 
50 cm). In each quadrat species presence was recorded and percentange 
cover of each species was estimated.
To obtain an estimate of the age of each stand, trees within and 
surrounding the stand were sampled with an increment borer.
The composition and distribution of the present fuel load in 
these five stand was sampled using Brown's (1971) method. Transects 
were located within each plot using the same criterion for placement as 
in the quadrat sampling procedures. Again, plots were located at 20 
yard intervals along each transect except for stand 5, in which 40 yard 
intervals for transects and plots were used.
After each fuel plot was located a 1.5 m stick was laid out on 
a random clock setting from the direction of the transect (Figure 4) = 
Live and dead vegetation heights were recorded at each end of the stick 
and also at the mid-point. The number of intersections of the stick
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with downed and dead branchwood of various diameter size classes and 
cones was recorded. At one end of the stick four 20 x 50 cm subplots 
were established on the ground forming the corners of a square with plots 
three feet apart on each side. The subplot containing the greatest 
amount of grass-forbs (the base plot) was noted and the others visually 
estimated as a percentage of this base. The base plot was then clipped 
at ground level, air-dried and weighed in the laboratory. This relative 
estimate technique is adapted from Hughes (1959), and gives an estimate 
of loading.
Using the grass-forb base plot as the base plot for litter cover, 
all the plots were divided in half (20 x 25 cm) and the litter cover 
was estimated in one-half of each of the subplots as a percentage of 
the base plot. In the center of litter subplots 1 and 2 (Figure 4) the 
duff depth was measured to the nearest cm.
As the relative estimate technique was originally developed 
(Brown, 1971), a separate base plot for litter was determined instead 
of using the same base plot for both litter and grass-forbs. It was 
expected that the method utilized in this study would cut down sampling 
time while maintaining the same level of accuracy.
Once the duff depth was tallied, the litter layer in each of the 
half-subplots 1, 2, 3, and 4 were bagged, air-dried, and weighed.
Next, 2 one-quarter mil acre plots were located at the other end of 
the 1.5 m stick. The plots were located at right angles to the stick 
and 6 feet from it, making the distance between these subplots a total
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of 12 feet. In each of these subplots the number and size class of 
the stems of each species of shrub were recorded along with a total 
percentage of the shrubs that were dead.
Because each of these fuel measurements required a separation of 
plants into trees, shrubs, and grass-forbs, some border line cases did 
occur. To separate these the following criteria were utilized: 1) trees
under 3" DBH were saplings, 2) non-woody tree seedlings were considered 
forbs, 3) non-woody thimbleberry was a forb and woody thimbleberry was 
a shrub, and 4) Vaccinium and Arctostaphylos were considered forbs.
Data Analysis
a. Quadrat method: Species frequency and species dominance were 
calculated and tabulated for each species (Cox, 19671 (Table XI'.
b. Quarter method: For each tree species in each stand, density, 
relative density, dominance, relative dominance, frequency, and relative 
frequency were calculated and tabulated. Relative density, relative 
dominance, and relative frequency for each stand were totaled resulting 
in an important value for each tree species in each stand (Cox, 1967) 
(Table I - VI).
Due to the scarcity of saplings in most of the stands, only 
presence was recorded, resulting in frequency values.
The average tree density of each stand was tabulated in compari­
son with mean height to the living crown for each stand (Table VIII), 
These two values are useful only as an approximate indicator of crowning
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ability of a fire. Shrub height, wind, and moisture also must be 
taken into account for a complete picture of crowning potential 
(Lawson, 1972).
c. Fuel Sample; Loading of fuel in pounds/acre/size class of 
fuel was calculated.
CHAPTER VI
RESULTS
Vegetational Analysis
Overstory. Five species of trees are found in the study area.
These are Picea engelmanii, Pseudotsuga menziesii, Larix occidentalis, 
Pinus contorta, and Pinus ponderosa. The area is included in a climatic 
climax region of Pseudotsuga menziesii and Picea engelmanii (Daubenmire, 
1968). Ponderosa pine dominates all of the stands except stand 1.
Stand 1 is dominated by Pseudotsuga menziesii (Table III).
The frequency values (Table I) for ponderosa pine are highest 
in stands 2, 4, and 5. Stands 4 and 5 also have the lowest total tree 
densities per acre. Stand 2 has a slightly higher density than stand 1 
due to a finger-like invasion of 50 year old Pseudotsuga menziesii and 
Pinus contorta (Table VII).
By totaling relative frequency, relative density and relative 
dominance, an importance value is found for each tree species in each 
stand (Table V). Again, in stands 2, 4, and 5 ponderosa pine has 
the highest values, followed by either Picea engelmanii (stand 4) or 
Pseudotsuga menziesii (stands 2 and 5).
In stand 1, in which ponderosa pine has a fairly high relative 
dominance, density and frequency are relatively low. Only larch has 
lower values. In stand 3 ponderosa pine has a relatively high dominance
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value, but its density and frequency in relation to Pinus contorta is 
smallo
In every stand except stand 3 the number of ponderosa pine in the 
21" and over size classes exceeded the ponderosa pine in the smaller 
size classes. This accounts for the high dominance--low density and 
frequency values for P_. ponderosa while relatively high importance 
values exist.
This absence of smaller size ponderosa pine is also an indication 
of the lack of this species in age classes under 180 years of age.
Fifty year old lodgepole pine, on the other hand, is very well repre­
sented by the 3"-10" DBH class in all stands except stand 1.
Stand 1 is the only stand of the five study sites which conforms 
to Daubenmire's (1968) climax of Douglas fir and spruce which is the 
supposed climax of this region. However, in all stands except stand 3, 
Douglas fir is the dominant species in the smaller size classes and the 
younger age classes.
Table VI provides the relative sapling frequencies. A sapling is 
any tree under 3" DBH. In stands 1 and 2 Pinus ponderosa is not found 
as either seedlings or saplings. In stands 3 and 4 the P. ponderosa 
under 3" DBH is in the 50 year old age class.
Stand 5 is noticeable for its lack of saplings or seedlings of any
sort. The youngest P. ponderosa.on this site are 180 years old. These 
include two suppressed pines that are in the 3"-10" DBH class.
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Stand 1, then, is a mature stand with major constituents of 
Picea glauca and Pseudotsuga menziesii. P̂. ponderosa has a fairly small
density and frequency here, but the basal area of the individuals is 
large enough to give this species a relatively high importance value. 
Lodgepole pine appears to have difficulty competing in this community 
and has little impact on it. Larix occidentalis has a few large 
individuals which influences its importance rating in the stand.
Stand 2 is dominated by large individuals of Pinus ponderosa 
and a large number of Pseudotsuga menziesii from 3"-20" DBH. The 
Douglas fir along with some lodgepole pine and larch in the smaller 
size classes influences the overall density of the stand from a single 
invasion zone in an otherwise relatively open stand.
Stand 3 is almost totally dominated by 50 year old Pinus contorta 
in the 3"-10" DBH class. It is also the one stand studied which has 
some ponderosa pine in both the 3"-10" DBH class and in the sapling 
stage. The few large individual ponderosa pine occur in openings 
scattered throughout the stand and are totally surrounded by 50 year 
old lodgepole.
Stand 4 is the type of stand which Ayres (1900) refers to as the 
open stands that a horse can be ridden through. Density is fairly low 
(65.1 trees/A), but the frequencies of Pinus ponderosa and Picea 
engelmanii are fairly high (Table I). Relative dominance of ponderosa 
pine is both visible and quantitatively shown, thus its importance value 
in the stand is higher than the other tree species.
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The saplings in this stand, however, are dominated by Picea 
engelmanii, The ponderosa pine in the sapling stage are suppressed 
individuals up to 180 years of age. There are a few 50 year old P_» 
ponderosa along the margins of the stand but these did not show up 
in the sample.
Stand 5 has the highest relative frequency, relative density, 
relative dominance, and importance value for Pinus ponderosa of any 
stand. Two large Pseudotsuga menziesii individuals are found in the 
stand but they are almost the only individuals of this species. The 
P. ponderosa sapling size trees are suppressed individuals 180 years old. 
The rest of the stand is either 230 or 400+ years old. This stand is 
characterized by an almost total lack of any type of regeneration. 
However, that which is occurring is Picea engelmanii and Pseudotsuga 
menziesii.
The one similarity in the overstory between all of these stands 
is the almost total lack of regeneration of Pinus ponderosa. Stand 3 
is the only one which shows any amount of ponderosa pine less than 
180 years of age. All of the other stands have regeneration dominated 
by Douglas fir and white spruce.
Understory. The understory was sampled by the quadrat method in 
stand 1. 2, 3, and 4 with frequency and percentage cover recorded. The 
percentage cover was converted to percentage dominance and frequency 
was converted to a percentage (Table XI). The stands are ordered from 
lowest to highest according to the relative density values for Pinus
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ponderosa (Table II).
Amelanchier alnifolia, Rosa spp., Lathyrus ochroleucus, Vicia 
americana, Calamagrostis rubescens, and Fragaria virginiana are the 
most consistently encountered species in all four stands. They have 
both high values for frequency and dominance and high constancy between 
stands. Thalictrum sp., Arctostaphylos uva-ursi, Vaccinium vitis-idaea 
Arnica cordifolia, Lomatium spp., Campanulata rotundifolia, Agropyron 
spicatum, Achillea millifolium, Lupinus sericeus, and Trifolium sp. are 
also found in every stand, but frequency and/or dominance varied from 
one stand to the next.
Epilobium augustifolium and Cornus canadensis are the only species 
confined to stand 1, a closed canopy, mature stand. Stand 3 is an 
alternately open and closed stand surrounded by lodgepole pine. Poa 
palustris was the only species which was found solely in that stand. 
Erigeron sp. and Rubus parviflora were confined to stands 1 and 3.
Several species were found in stands 2, 3, and 4 that were not 
found in stand 1. Castilleja miniata, Gallium boreale, Geranium 
viscosissimum and Symphoricarpos albus were the only species confined 
to any or all of these stands, which have a frequency greater than 30%,
S_. albus was strictly limited to stand 4, the most open one 'Density— 65.1 
trees/A).
Calamagrostis rubescens, Agropyron spicatum and Achillea millifolium, 
to a certain extent, increase in frequency with a decrease in density of
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Pinus ponderosa. This may be an indication of less shade tolerance in 
these species.
Since Festuca idahoensis is a component of the palouse grassland, 
its appearance in the most dense stand is probably as a remnant popula­
tion from an earlier successional stage. Its absence in the more open 
stands cannot be so easily explained and should probably be studied more 
intensely.
Generally, most of the understory plants found in the Pinus
ponderosa stands are common to all the stands studied. There does
not seem to be any decisive pattern occurring between understory species 
and the overall importance of Pinus ponderosa in a given stand.
Fuel Analysis
The proportions of fuels of each size class in a fuel complex has 
much to do with the way a fire will move through a community, with an 
abundance of fine fuels the rate of spread of a fire may be very rapid 
but of low intensity. Larger fuels burn longer, releasing more energy 
in a given area.
The distribution of the fuel on the forest floor plays a large 
role in the ability of a fire to move through a forest horizontally.
The vertical fuel distribution plays an important role in determining 
the effect a fire may cause by crowning. A description of the fuel
distribution, then, becomes at least a partial description of fire
potential.
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Data collected by the fuel sampling procedures were subjected to 
Brown's (1971) calculations (Appendix 1). Loading in pounds per acre 
was determined for the various particle size classes (Table X).
Three fuel classes, fines, 0-10 cm, and total load less than 10 cm 
are summations of other particle size classes.
lo Fines = (0-0.5 cm) + (0.5-1.6 cm) + litter + dead grass-forbs
2. 0-10 cm = Fines + (1.6-10 cm) + dead brush
3. Total load 10 cm = Fines + (1.5-10 cm) +- cones  ̂ live brush
Very characteristic of all the stands was the large amount of duff. 
Duff and branchwood over 10 cm in diameter have essentially the same 
effect on a fire; they both slow the rate of spread and increase the 
intensity of a fire. Stand 1 had the highest duff load.
It was followed by stand 4, 5, 3, and 2. While stand 1 had a large 
duff load it also had the lowest grass-forb and dead grass-forb component 
in its fuel complex. The small grass-forb quantities are probably due 
to a dense canopy. The canopy not only limits the amount of light that 
reaches the forest floor, but also contributes a large amount of litter, 
which in turn increases duff accumulation and inhibits grass-forb 
development.
Stand 4 has the next highest duff load. This is a very open 
stand that has a low density of trees per acre f65̂  . The majority 
of the fuel is contributed by brush, litter and duff. This stand has 
the highest brush growing space (9040 ft^/sample) and also the highest
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green vegetation depth (Table VII) in the understory, probably due to the 
high amount of sunlight which reaches the ground.
Stand 5 is characterized by an extremely high amount of fuel in 
the greater than 10 cm size class which is indicative of the old age 
of the stand. It has an amount of green brush comparable to stand 4. 
Another major part of the fuel component in this stand is the grass- 
forb— dead grass-forb segment.
Stand 3 has the fourth highest duff load. Much fuel in this stand, 
in comparison to the other four stands, is in the greater than 10 cm 
size class because there are a lot of downed trees. This also contri­
butes to a relatively high amount of branchwood (0-10 cm).
Stand 2 has the lowest amount of small fuels. In comparison to 
the other stands, however, it has the most dead grass-forb fuel and 
the second highest live grass-forb fuel component.
While the loading values give a description of how much fuel is 
available within a particular stand, both the horizontal and vertical 
distribution of fuels needs to be known to help determine fire spread. 
While no measurement was taken to directly measure the amount of 
ground covered by each size class of fuel particle, a description of 
the degree of continuity is obtained by means of standard deviation 
and percent error calculations.
The greatest values for percent error are found in the measurements 
for fuel, both sound and rotten, greater than 10 cm in diameter. This
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indicates that the sample was not large enough to get a good estimate 
of the variation of the community within the sample. Generally, the 
stands have much lower percent error measurements in the total loading 
measurements which include material under 10 cm in diameter. The 
variation of these latter fuels in their distribution has been adequate­
ly sampled. This indicates that these fuels are evenly distributed over 
the area.
Table VIII. Averages , standard deviations, and percent errors for fuel
load (Ibs/A) greater than 10 err1 and for total load less than 10 cm.
Average Standard Percent Number of
Stand No. Load Deviation Error Samples (N)
10-1- cm 219,530 237,370 24 20
1
Total 10,880 8,170 17 20
10+ cm 26,900 41,220 40 15
2
Total 6,550 4,490 18 15
10+ cm 39,050 108,530 72 15
3
Total 10,910 6,620 16 15
10+ cm 31,900 79,250 56 20
4
Total 12,860 9,870 17 20
10+ cm 273,960 503,010 41 20
5
Total 10,240 8,500 19 20
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The percent error could be due to the sample size, which was 
inadequate, in this stand, to estimate the variation of the grass-forb 
constituent due to increased clumping of this community component.
The vertical distribution of fuel is an indication of the crowning 
potential of any given fire. It is a function of density of the over­
story, the number of saplings or "bridges" between the ground and crown, 
the distance to the living crown (DLC), and the amount of ground fuel 
that can contribute to flame development (Table IX).
Table IX. Average distance to living crown.
Density
Stand DLC (Trees/acre)
1 20 ft 117
2 30 ft 130
3 25 ft 296
4 30 ft 65
5 40 ft 21
Even if a stand has a high DLC, a high density of overstory species
provides a pathway for fire to spread from crown to crown if the flame 
can get to the crown and horizontal wind is sufficient to force the heat 
into adjacent crowns. Stands with a low density minimize the ability of 
the crowns of ignited trees to spread the fire.
Stand 1 does not have a very high density, but neither is the 
distance to living crown very high. Thus potential exists for a crown 
fire to at least get started.
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Table X. Loadings in pounds/Acre by particle size class.
Stand Number
Size Class 1 2 3 4 5
0-0.5 cm 100 10 140 50 60
0.5-1,6 cm 320 100 680 140 220
1.6-10 cm 4,700 2,960 5,930 3,460 3,700
10+ - Sound + 
Rotten
219,530 26,900 39,050 31,900 273,960
10+ - Rotten 139,850 15,170 16,360 31,900 228,170
Cones 2,250 1,230 530 2,250 1,450
Litter 4,500 2,270 3,500 3,780 3,600
Brush (live) 500 400 1,950 5,000 2,550
Brush (dead) 60 60 290 890 520
Grass-forb 690 1,180 710 880 1,210
Dead Grass- 
forb
230 400 330 360 390
Fines 5,150 2,790 4,650 4,330 4,270
1-10 cm 9,900 5,810 10,860 8,670 8,490
Duff 42,800 18,060 21,230 27,940 23,370
Total Load 
(<ilO cm)
55,860 26,230 34,660 43,500 36,180
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Stand 5, on the other extreme, has a very low density and a very 
high distance to the living crown, minimizing the ability of a crown 
to ignite and to travel once ignited.
Each stand, related to the other stands, has a particular fuel 
characterization. Stand 1 has a very high loading of duff and litter 
and is second only to stand 5 in downed fuel over 10 cm in diameter.
It has the lowest loading in dead brush and is second lowest in total 
brush loading. Grass-forb loading is lacking. The horizontal fuel 
distribution is fairly continuous in the size classes under 10 cm and 
a little more clumped for the larger size classes. The stand is 
moderately dense with the lowest average height to the living crown of 
any of the stands.
Stand 2 has the lowest total load of material under 10 cm, The 
duff and litter cover is the shallowest of any of the stands. Brush 
loading is also the smallest and the material over 10 cm in diameter is 
lacking in comparison with the other four stands. This stand has a 
definitely lower 0-10 cm load than the other four. This category, 
along with DLC and vertical fuel distribution (fuel ladders) helps 
determine crowning potential. A moderately dense stand in comparison 
with the others, its distance to the living crown is high. With the 
density as high as it is, there is a possible canopy bridge over at 
least part of the stand.
Stand 3 has a moderate duff value, but also has the largest amount 
of small branchwood in the 0-10 cm classes. Its loading in all of the
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other categories is average when compared to the other stands.
The percent error of the standard deviation of 10+ cm diameter material 
is fairly high (72%) which indicates a clumping of fuels or high 
variation within the sample. The 16% value for percent error of the 
total load under 10 cm is reasonably small, indicating an even 
distribution of fuel throughout the stand.
Stand 4 has the highest amount of total load under 10 cm. It
has high brush loading values and brush occupies a large volume of 
growing space in the stand (9040 ft^/A). The fuel segment greater 
than 10 cm in diameter is not a very important factor in this stand.
As found in stand 3, the percent error for the 10+ cm fuel segment in
stand 4 is high. The sample, thus, is not large enough to accurate­
ly estimate the variation found within the community. However, the 
percent error for the total load is small enough to assume that the 
smaller fuel particles were adequately sampled. The density of stand 
4 is only 65 trees per acre. With an average DLC of 30 feet there is 
little chance for a crowning fire to be carried through the stand.
Stand 5 is the least dense stand (21 trees per acre) with the 
tallest average DLC. Its grass-forb fuel component is the largest 
of any of the stands. The loading of material less than 10 cm in 
diameter is average for the five stands sampled, but the total amount 
of loading of material greater than 10 cm in diameter is the highest 
of the five stands. The percent error in that size category is 
smaller than stands 2, 3, and 4, indicating that the sample in this
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stand approaches an adequate sample of the variation within the 
sample o
The total load under 10 cm in diameter is very consistent in 
all five stands. Stand 2, with the smallest amount in this size 
class, also has the smallest duff loading and the smallest load of 
fuel greater than 10 cm in diameter. This lack of fuel is probably 
due to the low density of ponderosa pine, the lack of tall shrubs, 
and the young age class of invading trees.
CHAPTER VII
DISCUSSION
The Pinus ponderosa stands in the North Fork Valley are existing 
on the edge of their range and in a Pseudotsuga raenziesxi, Picea 
engelmanii climatic climax region (Daubenmire, 1968), They are getting 
minimum temperature and moisture requirements and have competition 
for these from the climax dominants.
Pinus ponderosa is existing on marginal Douglas fir and Engelmann 
spruce sites. It occupies the west and southwest slopes and the more 
readily drained soils. However, as the ponderosa pine community 
develops, shading increases the amount of available moisture, allowing 
Douglas fir and spruce to invade these communities. This is seen in 
stand 2, The invasion zone increases the overall density of the stsnd, 
increasing shading, and decreasing the chances that ponderosa pine 
could regenerate.
Stand 3 is a rather unique situation. It is the one area in 
which ponderoas pine is found in any quantity in an age class younger 
than 180 years old. Lodgepole pine does not seem to be able to invade 
the openings of this stand which are dominated by 230 year old ponderosa 
pine. Fifty year old ponderosa pine trees are found along the edge 
of these openings and they seem to be competing successfully with the 
lodgepole. It is possible that, when the lodgepole die, the ponderosa 
pine on the edges could be released, assume dominance, and enlarge
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the openings.
Stand 1 is at the other extreme of stand development. The dominant 
species are Pseudotsuga menziesii and Picea engelmanii with Larix 
occidentalis represented along with Pinus ponderosa. There is a 
good representation in all classes of Douglas fir, spruce, and larch, 
but the ponderosa pine are limited to 230 year old individuals scattered 
throughout the stand. This stand is close to a climax community.
Calamagrostis rubescens, Festuca idahoensis, Aprypyron spicatum, 
and Amelanchier alnifolia are species characteristic of ponderosa pine 
communities throughout the northwest (Daubenmire, 1958). They are 
abundant throughout the Glacier Park ponderosa pine distribution, 
including stand 1 .
Ordering of quadrat data shows some distinctions between stands
1-4. This correlates directly with stand density and with density of 
Pinus ponderosa, but the correlation is very weak without more 
supporting evidence from moisture, temperature, and soil analysis.
The plant composition of a community also determines the fuel 
composition for that community. However, no one vegetative factor 
can determine the amount or type of fuel found in a community. Stand 
3 is the densest stand, yet it has the second from lowest total load 
under 1 0  cm in diameter and the third highest loading of material over 
10 cm. In constrast, stand 5 has the lowest density and the highest 
amount of fuel over 1 0  cm in diameter, but only the third highest
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load of less than 1 0  cm material.
Age could be the deciding factor on the large fuel classes. 
However, stand 1, which has some 400+ year old individual ponderosa 
pine not only has a high amount of large material, but has the highest 
duff and fine fuel loadings.
The best correlation that can be drawn between the vegetation 
and the amount of fuel is a successional correlation. Stand 1 is 
very near a climax condition and has the highest total load. Stand 2 
is an open stand that is being invaded by Douglas fir and spruce.
It is in a serai stage of succession and has the lowest total loading 
under 1 0  cm and greater than 1 0  cm diameter.
The more fuel available for burning in a community, the more 
energy can be released. The amount of fuel that can burn is dependent 
on fuel moisture, vapor pressure deficit, and the presence of wind tc 
carry the fire through the fuel. Thus, with similar weather patterns, 
a fire in stand 1 would probably burn much more slowly and intensely 
than a fire in stand 2. The latter burn would travel at a much faster 
rate through the stand.
Distribution of fuel also plays an important part in the amount 
of work accomplished by a fire. The horizontal distribution of fuels 
provides a path for fire to move along the ground. Breaks in this 
distribution act as effective barriers to fires.
With the fuel load greater than 10 cm in diameter the percent
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error was fairly high for all the stands (Table VIII). This is an 
expression of variation and related discontinuity in the distribution oi 
fuel. Much of the large downed material was from 30" DBH trees and larger 
Since the sample transect for the line intercept method was only 1.5 m 
the high percent error meant that many "no hit" intersections occurred. 
When intersections did occur, very high loading values resulted, thus 
creating a high standard deviation and percent error.
It is more the rule than the exception for natural discontinuities 
to occur, especially in the larger fuel size classes. To reduce 
sampling error in these larger size classes, it is recommended that 
the transect line be increased from 1.5 meters to the orginally 
designated 13.6 ft.
The toal load less than 10 cm in diameter in all five stands 
seems to be very uniformly distributed throughout each stand (Table VIII). 
The percent error was relatively low in all five stands, indicating that 
sampling was probably adequate for this size class for the less than 
iO cm size class.
The vertical distribution of fuels is important in predicting 
the crowning potential of a fire. Biswell, e^ a^. (1968) termed this 
vertical distribution "fuel bridges" from the ground to the canopy 
This bridge is composed of fuels that allow a flame to reach the lower 
branches of the living crown of a tree and is a function of the 
distance between the ground and the living crown (DLC). The lower the 
DLC for a stand, the higher the crowning potential with other factors
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held constant. From Table IX stand 1 would have the highest crowning 
potential and stand 5 the lowest potential.
When the DLC is combined with density of the overstory a picture 
of the ability of a fire to travel through canopy horizontally is gained. 
Stand 3, with doghair lodgepole pine, has the highest density and 
could carry a crown fire quite easily, even if the DLC is 25 feet.
Lawson's (1972) and van Wagner's (1954) work with crowning point 
out that it is not only a fuction of fuel bridges, but also of wind.
Even in stand 4, with a DLC of 30 feet and a tree density of only 65 
trees per acre, a crown fire could become established with a sudden 
change in wind. The fire may not be able to move horizontally through 
the canopy because of the low density, but some individual seed trees 
could be killed.
Given moisture and wind conditions at an optimum for burning, 
the following relative stand descriptions of fire potential are pre­
sented :
Stand 1 - High in fuels in all size classes, both
high rates of spread and areas of intensive 
burning could occur. There is a low DLC and 
a high possiblity for crowning and spreading 
through the crown.
Stand 2 - Low in large size class fuels with a low 
amount of fine fuels that have a somewhat
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discontinuous distribution. A ground fire, 
unless fanned by a wind, may have difficulty 
in spreading. In the invasion zone there is 
a sufficient fuel bridge to initiate a crown 
fire, but away from this zone, only sporadic 
crowning of individual trees is expected.
An alternative to a strict prescribed burn 
in reducing the crowning hazard in this stand 
would be to thin the invasion zone by cutting 
and then introduce fire to prepare a seed bed.
Stand 3 - A moderate amount of fine fuels with an even
distribution is available for rapid fire spread. 
There are some large fuels but not enough to 
drastically change the intensity of the fire. 
The DLC is 25 feet, but combined with a density 
of 296 trees per acre, there is a high crowning 
potential and a continuous canopy coverage for 
spread of that fire. A fire in this stand 
could damage the 50 year old ponderosa pine 
reproduction as well as crowning and killing 
the 230 year old trees.
Stand 4 - This stand does not have an excessive amount
of fine fuel, but it is continuous. The shrub 
community in this stand is a large part of the
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fuel complex and would probably lift the fire 
from the ground. As in stand 2 there is not 
an excessive amount of large fuel material.
Density is low in this stand, eliminating any 
crown fuel continuity. A fairly high DLC and 
virtually no fuel bridges keeps the probability 
of an extensive crown fire at a minimum.
Stand 5 - This stand has a moderate amount of fine fuels 
which are well distributed. It would probably 
carry a ground fire. It has a large amount of 
large, downed fuel which would tend to increase 
intensity. The tree density is only 21 trees 
per acre and there is no continuity in the canopy.
With a DLC of 40 feet chances of a crown fire 
are minimal. However, if a fire is allowed to 
move up slope, the mature Douglas fir and spruce 
found on the ridge top could be damaged.
Because of the complex set of conditions which must interact in 
order for ponderosa pine to successfully reproduce, there has been a 
minimum of young pine reproduction in the last 180 years. To maintain 
Pinus ponderosa along the North Fork Road as a community type, it 
may be necessary to prescribe burn one or more of these stands to 
supply adequate seed bed conditions. Ponderosa pine has been unable 
to reproduce itself in the area to a large extent for 180 years.
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It should be noted that there are several 50 year old ponderosa 
pine stands off the road and close to 4,000 feet in elevation. 
Ponderosa pine will not be lost from the park if the stands on the 
road succeed to Douglas fir and Engelmann spruce. What would be lost 
if these roadside stands do not perpetuate themselves, is a rare 
community type in ready view of the public.
Fuel sampling procedures, as developed by Brown (1971), are an 
aid in developing adequate predictions of potential fires. To make 
these procedures more usable, all units of measurement should be 
converted to the metric system, as the constant switch from the 
English to the metric system is confusing.
Finally, using inputs such as fuel loading and distribution, 
weather, and community composition, a prescribed burn or "let burn" 
policy could be implemented. Not only would the fire aid in ponderosa 
pine regeneration, but also, the public could observe the total fire 
process. The ponderosa pine stands could serve as a natural classroom 
in which the intricate relationship of fire and vegetation in the 
Northern Rocky Mountains can be observed.
CHAPTER VIII
SUMMARY
The objectives of this study were to describe both the community 
composition of Pinus ponderosa stands and the present fuel loading 
and distribution in these stands.
The five study sites were chosen on the basis of the homogeneity 
of the stand and on the basis of the relative distinctness of the 
physiognomy of each stand.
The dominant species associated with Pinus ponderosa are 
Calamagrostis rubescens, Amelanchier alnifolia, Fragaria virginiana, 
Achillea millifolium, Vicia americana, and Lathyrus ochroleucus.
There seems to be little difference vegetationally between stands of 
differing ages or density and further study would be needed to deter­
mine a correlation between community composition and fire history.
Using a modification of Brown's (1971) methods, the fuel dis­
tribution and loading was determined for all stands. Litter and duff 
loads were large in relation to the other fuel size classes and were 
evenly distributed throughout the stand. The larger size classes had 
an uneven distribution within each stand.
With tree densities and fuel loading values a prediction of 
fire behavior in each stand was developed, assuming that weather con­
ditions were constant in all five stands.
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Appendix A. Plot Calculations, Brown (1971)
Load (0-0.5) =
8
Plane transect is 1.5 m 
Depth is in cm
If L=l, the unit area is 150 x 1 = 150 cm^
Use d = 0.25 cm
Conversion of vol. (cc)/150 cm^ = vol/A, 
multiply by 43560 /150 = 269790.43
30.48%
Conversion of cc to ft^— multiply by 3.5314667 x 10"^ 
Conversion of ft^ to lbs
Bonita study gave 35.6 (PP) and 34.8 (OF)
Density values for non-decayed 0-1 cm branchwood 
Assuming some decay has occurred 30 lbs/ft^ is probably 
a high estimate but should be suitable for calculation 
of loading.
Slope Load (Ib/A) = (30) 
22.039n
TT%(.25)2 (n) (269790.43) (0.000035 31466'')
Load (0.5-1.6 ) = Tf %nd^
Calculate same as for load (0-0.5) except d = 0.85 cm
and particle density, use same value (30 lb/ft3) as used 
for load (0-0.5)
Slope Load (Ib/A) = (30) TT^(.85)% 
10-5) = 254.77n 
Slope Load (lb/ft%) = 254.77n/43560
(n) (269790.43) (3.5314? x
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Appendix A. (continued)
So Load (1.6-10) = Tt^nd^ L
Calculate same as for load (0-0.5) except d = 4.1 cm and
particle density of 26 Ib/ft^. The Bonita data gave values 
of 30.8 for PP (3-5 cm size class) and 32,3 for DF. A 
value of 25 (.4 g/cc) allows for some decay which probably 
exists in most sampled material.
Slope Load (Ib/A) = (25)
4939.71n
Ï7'2(4.1) 2
n̂) (269790.431 (3.53147 x 10-5) =
Slope Load (lb/ft ) = 4939.71n/43560
L Load (10 sound) = ^ d2 TT: L = 1.2337 d^L
Plane transect is 1.5 m = 150 cm 
If L = 1, the unit area = 150 cm^
Convert vol (cc)/150 cm^ to cc/A using 43560/150 = 97625.18
30.482
as multiplier.
Convert cc to ft^ to lbs using 25 Ib/ft^ (same as 1.6 to 10 cm 
category)
Load (Ib/A) = 1.237 <Td̂ 43560/150
30.48'
3.53147X 10-5 !25)
Load (10 + rotten) = 1.2337 ^  d'̂ L
Calculate same as #4 except density = 19 Ib/ft^, This 
corresponds to 0.3 g/cc, a density value found for PP 
and DF rotten wood measured for Stocky's ignition study
Horizontal Load (Ib/A) = Slope Load x ^1 + (% slope)2
b. Slope total load 10 cm = slope load (Ib/A) + slope load 
rotten (Ib/A)
Horizontal total load 10 cm = slope total load 10 cm x
+ (% slope) 2
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Appendix A. (continued)
Cone Load (lb/A)
Using thesis data; mean PP cone = 24.7 g and 3.5" in length. 
Density = 0.4 g/cc, thus volume = 241.7/0.4 = 62 cc 
Assume this vol is a cylinder then:
V =77 r^l and r = ^ 6 2 / 7 7 -8 . 5  x 2.54 = 1.48, d = 3.0 cm 
Since many cones will be smaller than PP use d = 2.0 cm
Load TT̂ ndZ
Calculate same as for load (0-0.5)
Slope Load = (25) Tr̂ O.O)'
8
(n) (269790.43) (3.53147 x 10"^) =
2644.6n
Horizontal Load (Ib/A) = (2644.6) ( slope ) (n)
Loading Litter: subplot size 20 x 25 cm = 500 cm'̂
Relative estimate codes
0— indicates the standard, input in grams OD basis
1— 0-5%, the computation value .025
2—-5-20 .125
3— 20-40 .30
4— 40—60 .50
5——60—80 .70
6— 80—95 .875
7— 95-100 .975
W- = load g/500 cm^ = (Wgtandard^ %]_Ws + %2Ws + %]Ws)/4
Convert grams to lbs 453.59
Convert 500 cm^ to ft2 by dividing g by 5 0 0 /3 0 .48^
Slope Load (Ib/ft^) = W=/453.59 x 500/30.48% = 0.00118
Horizontal Load (Ib/A) = Slope Load (Ib/ft^) 43560 x ^1 + (% slope)
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Appendix A. (continued)
8 . Brush Load
Brush total: First compute weight (Ib/A) by species
using Teller's data. This will be punched, 
rounded to nearest 1 0  and divided by 1 0 .
Then for each subplot compute total pounds 
per acre (slope) by summing over all species 
(Bot)
Horizontal Load (Ib/A) = slope load x . /l+(% slope)^ (B(tot) 1) + B 
(tot)2 / 2
Dead. Brush Load
Compute as (dead %) x (B (tot)) for each subplot.
(dead %, x B 1+ dead %_ x B. ,2)/2 
1 tot 2 tot
9. Grass-forb Load; subplot size = 25 x 50 = 1000 cm^, relative 
estimate codes same as for litter
2= load g/1000 cm = (Ws + %ĵ Ws + %2 VJS + %3Ws) / 4  
Slope Load (Ib/ft^) = (W%) (30.402/1000 x 453.59) = 0.002048
Horizontal Load (Ib/A) = Slope Load (lb/ft2) x 43560 + (% slope)
10. Dead grass-forb Load:
Wjj = (DsWs + D2 %-]_Ws + D2 %2Ws + D3 %3Ws) / 4  
Slope Load (Ib/ft^) = 0.001138
Horizontal Load (lb/A) = slope load (Ib/ft^) (43560) (^1 + (% slope) ̂
11. Total Dead 10 (Ib/A):
Sum slope load dead for 1, 2, 3, 6 , 7, 8 , 10.
Horizontal Loads = slope loads x /1 + (% slope)^
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Appendix A. (continued)
12. Total Dead Load:
Sum Slope loads for 11, 5b, and 13
13. Duff Load (Ib/A)
Mader's data— Western Hemisphere— Df,^ = .18
Wyo LB, .14, PP Flayer ̂  = .08
Plot depth ~ <3p + d2 / 2
Slope Load = bulk density x depth = x d ft
bulk density value is .076 g/cc
Slope Load = ^^dcm x 43560 = 1429.13 x depth (cm)~|
30.48^
Where equals :
PP type .08 X 62.4 = 5.0 lbs/ft^
LP type .14 x 62.4 = 8.7 lbs/ft^
Other .19 x 62.4 - 11.9 lbs/ft^
Horizontal Load (lb/A) = 1429.13 X depth (cm) ( ^ 1  + % slope^;
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Table I. Relative frequency of tree species.
Stand Number
Species 1 2 3 4 5
Picea glauca 41 4 3 2 1 9
Pseudotsuga menziesii 39 34 13 13 34
Larix occidentalis 5 19 1 0 8 0
Pinus contorta 2 15 64 1 0 0
Pinus pondèresa 14 28 1 0 49 56
Table II. Relative density of tree species,
Stand Number
Species 1 2 3 4 5
Picea glauca 49 3 14 4
Pseudotsuga menziesii 40 36 6 9 25
Larix occidentalis 2 15 5 4 0
Pinus contorta 1 14 77 9 0
Pinus ponderosa 8 2 1 0 65 " 1
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Table III. Relative dominance of tree species.
Stand Number
Species 1 2 3 4 5
Picea glauca 18 0 2 1 1
Pseudotsuga menziesii 41 2 0 4 1 14
Larix occidentalis 4 1 1 1 1 0
Pinus contorta 1 1 61 1 0
Pinus ponderosa 36 6 8 32 96 85
Table IV. Importance values of tree species (relative frequency +
relative density + relative dominance) •
Stand Number
Species 1 2 3 4 5
Picea glauca 108 7 6 36 14
Pseudotsuga menziesii 1 2 0 90 23 23 74
Larix occidentalis 1 1 45 16 1 2 0
Pinus contorta 5 30 203 2 0 0
Pinus ponderosa 57 128 52 2 1 0 2 1 2
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Table V. Relative frequency of sapling species.
Stand Number
Species 1 2 3 4
Picea glauca 31 14 8 41
Pseudotsuga menziesii 64 5 6 16
Larix occidentalis 0 49 19 0
Pinus contorta 5 32 47 2 2
Pinus ponderosa 0 0 19 2 2
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Table VI. Breakdown of trees sampled into size classes and density 
of sampled trees in size classes, total basal area, and density.
Stand 1
No. of trees
Points of 
occurrence
Total Basal 
Area
No. of 
Saplings
3"-10" DBH
11"-20" DBH
21"-30" DBH
Over 30" DBH
Tree density
per acre
White
Spruce
39
18
2,610
25
30
8
1
0
57
Douglas
Fir
32
17 
5,900
51
18 
8 
5 
1
47
Lodgepole Ponderosa Larch Totals 
Pine Pine
80
150
4
0
1
0
0
5,070
0
0
0
2
4
44
520 14,260
0
0
0
2
0
80
48
17
10
5
117
Table VI. (continued)
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Stand 2
White
Spruce
Douglas
Fir
Lodgepole
Pine
Ponderosa
Pine
Larch To ta:
No. of trees 2 26 1 0 23 1 1 72
Points of 
occurrence 2 16 7 13 9 47
Total Basal 
Area 40 3,800 2 0 0 13,160 2,030 19,240
No. of 
Saplings 6 2 15 0 48 72
3"-10" DBH 2 1 0 1 0 0 5 27
ll"-20" DBH 0 14 0 5 4 23
21"-30" DBH 0 2 0 13 2 17
Over 30" DBh 0 0 0 5 0 5
Tree density 
per acre 4 47 18 41 2 0 130
Table VI. (continued)
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Stand 3
White
Spruce
Douglas
Fir
No. of trees
Point of 
occurrence
Total Basal 
Area
No. of 
Saplings
3"-10" DBH
ll"-20" DBH
21"-30" DBH
Over 30" DBH
Tree density
per acre
90
3
0
1
0
0
270
4
1
0
0
13
Lodgepole
Pine
62
20
3,820
46
49
12
1
0
180
Ponderosa
Pine
2,030
11
4
2
1
1
95
Larch Totals
80
31
80 6,300
16
4
0
0
0
80
61
16
2
1
296
Table VI. (continued)
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Stand 4
White
Spruce
Douglas
Fir
Lodgepole
Pine
Ponderosa
Pine
Larch Totals
No. of trees 1 1 7 7 52 3 80
Point of 
occurrence 8 5 4 19 3 39
Total Basal 
Area 390 378 2 1 0 32,750 270 34,000
No. of 
Saplings 41 1 1 13 15 0 80
3"-10" DBH 1 1 6 6 5 2 30
11"-20" DBH 0 1 1 7 1 1 0
21"-30" DBH 0 0 0 2 0 0 2 0
Over 30" DBH 0 0 0 2 0 0 2 0
Tree density 
per acre 9 6 6 42 2 65
Table VI. (continued)
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Stand 5
White
Spruce
Douglas Lodgepole Ponderosa Larch Totals
Fir Pine Pine
No. of trees
Points of 
occurrence
Total Basal 
Area
No. of 
Saplings
3"-10" DBH
ll"-20" DBH
21"-30" DBH
Over 30" DBH
Tree density
per acre
60
15
1
2
0
0
20
11
7,470
21
1
12
5
2
0
0
0
0
0
0
57
18
44,010
6
2
10
21
24
15
0 80
32
0 51,840
0
0
0
0
0
42
4
24
26
26
21
75
Table VII. Fuel depth averages (cm)
Stand
1
2
3
4
5
Green depth 
17 
15
39 
42
40
Dead depth Litter depth Duff depth 
12 3 4
5 3 3
18 2 3
11 4 4
12 3 4
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Table XI. Average quadrat percent frequency (left column of each stand) 
and percent dominance (right column of each stand) for species occurring
within each ponderosa pine community type along the North Fork Road.
Stand Number
Species 1 3 2 4
Epilobium augustifolium 32- 2 . 2 0 - 0 0 - 0 0 - 0
Cornus canadensis 5- ol 0 - 0 0 - 0 0 - 0
Erigeron sp. 5- . 1 32- 2.8 0 - 0 0 - 0
Rubus parviflora 5- . 8 9- 2.6 0 - 0 0 - 0
Clintonia uniflora 18- 1 . 8 32- 2 . 8 32- 1.5 0 - 0
Festuca idahoensis 50- 7.4 5- .1 0 - 0 9- .9
Thalictrum sp. 77-14.9 23- 4.6 5- 1.8 14- .3
Amelanchier alnifolia 72-18.3 77-37.2 59- 6 . 6 73-19.4
Rosa sp. 64- 7.7 64- 9 . 4 32- 1.5 59- 6 . 5
Arctostaphylos uva-ursi 45-12.7 5- . 8 8 6 - 9 . 2 18- 3.5
Lathyrus ochroleucus 45- 5 . 9 45- 2 . 5 41- 1.0 45- 4 . 8
Vicia americana 41- 2 . 4 41- 4.1 55- 4.1 45- 8.9
Vaccinium vitis-idaea 36- 5.3 9- .9 18- 4 . 2 23- 5.7
Calamagrostis rubescens 36- 9.7 59-12.6 91-22.0 100-18.4
Fragaria virginiana 32- 1.3 59- 3.9 6 8 - 3.6 41- 2 . 4
Arnica cordifolia 27- 1.4 5- .1 9- .9 9 -  . 2
Lomatium spp. 27- 1.4 9- .2 23- .4 5- .1
Campanulata rotundifolia 18- .4 9- .2 32- . 8 18- .5
Apropyron spicatum 18- 2 . 8 2 7 -  3 . 4 18- 1 . 1 45- 3.1
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Table XI. (continued)
Species 1 3 2 4
Achillea millifolia 14- .3 54- 4.1 64- 1 . 6 6 8 - 3.1
Lupinus sericeus 9-2.6 41- 3.1 81- 4.8 18- .4
Smilecina stellata 9- .2 0 - 0 5- .1 5- . 8
Trifolium sp. 5- .1 9- .9 5- .1 5- .1
Phleum pratense 0 - 0 22- 3.6 9- .2 9- . 8
Castilleja miniata 0 - 0 9- .9 32- . 8 23- 1.3
Gallium boreale 0 - 0 41- 1.7 0 - 0 23- 1.3
Geranium viscosissimum 0 - 0 32- 6.9 0 - 0 50- 4.3
Poa palustris 0 - 0 14- 1.0 0 - 0 0 - 0
Luzula multiflora 0 - 0 0 - 0 5- .1 0 - 0
Symphoricarpos albus 0 - 0 t- 0 t- 0 41. 5.5
Allium cernuum t- 0 0 - 0 0 - 0 14- 3.4
Shepherdia canadensis 0 - 0 0 - 0 0 - 0 5- 1.8
Smilecina racemosa t- 0 t- 0 0 - 0 0 - 0
Poa pratensis t- 0 t- 0 t- 0 t- 0
Bromus vulgaris t- 0 0 - 0 0 - 0 0 - 0
Calamagrostis canadensis 0 - 0 0 - 0 t- 0 t- 0
Calochortus apiculatus t- 0 t- 0 0 - 0 0 - 0
t = trace amounts
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Table XII. Polebridge Weather Data
Average Temperature
Year
January
Maximum Minimum Maximum
July
Minimum
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967 
Average
30.3 
18,2
30.4 
28.0
14.8
33.9 
28.1
25.4
32.1
20.2
17.7
31.9
33.7
30.4 
35.6
27.4
28.9
15.2 
9,1
10.1 
- 6.8 
22.1 
11,8 
5.5
13.2 
-1 , 
-9. 
15. 
19.8
12.7 
16.1
10.8
.8
.9
5
80.8
81.8
75.7 
83.6
83.1 
82.9
88.5
90.6
81.2
70.3
79.8
82.9
83.7
83.4
89.8
82.5
47.0
42.5
40.
38. 
45. 
37,
45,
46. 
35, 
35.
41,
39.
39.6
37.6 
40.8
,1
,5
,7
. 2
,5
,5
. 2
.9
,4
.4
Year
Average Extreme Temperature
January
Maximum Minimum Maximum
July
Minimum
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967 
Average
40
40
40
40
33
40
44
47 
44
48 
40
44
45 
44
49 
43
-10
-42
-12
-28
-44
- 5 
-42 
-24 
-11 
-40 
-28
-  8 
- 5 
-32 
-12 
-23
96
95
93
95
95 
93
100
103
90
93
93
96
94 
96 
99
95
34
28
23
31
28
36
27
36
34
22
26
30
27
30
29
30
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Table XIII. Polebridge Weather Data
Precipitation
Year Jan Feb Mar bEL Jun Jul Aug Sep Oct Nov Dec Total
1953 5.45 1.72 .80 2.41 1.75 2.93 .02 1.14 .81 .38 2.49 3.85 23.75
1954 7.21 2.26 1.94 2.77 .72 1.67 1,82 4.83 .97 1 . 0 1 1.51 .39 27.10
1955 .51 1.60 1.56 .54 1.08 1.34 1.93 . 0 1 1.48 2.59 3.18 4.43 19.25
1956 1 . 8 8 1.73 2.05 1.76 1.41 2.23 1.90 1.05 1 . 1 0 1.24 .48 4.64 21.46
1957 1.99 4.78 .82 .87 2.30 3.72 1.13 .31 .30 2.49 1.53 2.44 21.78
1958 1.93 2.60 1.09 1.78 1 . 1 2 3.03 1.76 .55 2 . 1 1 1.56 4.41 2.38 24.32
1959 4.48 2.40 .46 1.92 3.10 1.35 .08 1.23 4,18 2 . 2 0 4.97 1.41 27 .78
1960 1.45 .47 1.63 .85 2.05 .51 .62 1.62 .37 .97 3.99 1.09 15.12
1961 1.62 3.38 .65 1.67 3.26 .49 .38 .31 1.77 2.72 1 . 1 1 3.34 20.70
1962 1.14 1 . 1 2 1.29 1.50 1.75 .29 1.41 .73 .58 1 . 1 2 1,04 4.00 15.97
1963 .63 1.94 1.32 1.50 1.75 2.15 .61 1.13 1.64 1.26 1.70 1.84 17.47
1964 2.70 .75 2.40 .47 2.80 3.78 .94 1.19 1.62 1.58 3.83 4.81 26.87
1965 2.95 2.40 .62 2.85 1 . 1 2 2.63 1.14 1.85 2.43 .32 1.91 2.16 22.38
1966 3.53 .63 1.66 1.04 1.30 5.23 1,71 .94 .86 2 . 1 1 4.15 2.18 25.34
1967 3.92 1.39 1.54 .54 .73 .94 .06 . 0 2 .16 2.99 1.32 2.79 16.50
Ave. 2.76 1.94 1.32 1.50 1.75 2.15 1.03 1.13 1.36 1.64 2.41 2.79 21.71
